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2. From: 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Wood et al. 

Patent No.: 6,036,872 Examiner: N.Nguyen 

Serial No.: 09/052,645 

Issued: March 14, 2000 Group Art Unit: 1763 

Filed: March 31, 1998 

For: METHOD OF MAKING A WAFER-PAIR HAVING SEALED CHAMBERS 
Docket No.: 1100.1138101 (H16-17400) 

OFFER TO SURRENDER UNDER 37 C.F.R. 61.178 
BOX REISSUE 

U.S. Patent and Trademark Office 
P.O. Box 2327 
Arlington, VA 22202 



CERTIFICATE UNDER 37 C.F.R. 1.10: The undersigned hereby certifies that this paper or papers, as 
described herein, are being deposited in the United States Postal Service, "Express Mail Post Office to 
Addressee" having an Express Mail mailing label number of : EL901546446US . in an envelope addressed to: 
U.S. Patent and Trademark Office, P.O. Box 2327, Arlington, VA 22202 




Dear Sir: 

The undersigned makes this statement as part of the accompanying reissue 
application for the reissue of U.S. Patent No. 6,036,872, entitled METHOD OF 
MAKING A WAFER-PAIR HAVING SEALED CHAMBERS, granted on March 14, 
2000 to Woods et al., and declares that Honeywell International, Inc. is now owner by 
assignment of the entire interest in said original patent and hereby offers to surrender said 
letters patent. 



Statement By Assignee 
Enclosed is a "STATEMENT UNDER 37 C.F.R. 3.73(b)" establishing the right 
of the assignee to take action in this reissue. 




Date: ///# /O/ 

' ' David Hoiriis, Associate General Counsel and 

Chief Patent Counsel 
Honeywell International Inc. 
101 Columbia Road 
P.O. Box 2245 
Morristown, NJ 07962-2245 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Wood et al. 

Patent No.: 6,036,872 Examiner: N.Nguyen 

Serial No.: 09/052,645 

Issued: March 14, 2000 Group Art Unit: 1763 

Filed: March 31, 1998 

For: METHOD OF MAKING A WAFER-PAIR HAVING SEALED CHAMBERS 
Docket No.: 1100.1138101 (H16-17400) 



STATUS OF CLAIMS AND SUPPORT FOR 
CLAIM CHANGES (3 7 CFR 1.173(C)) 



BOX REISSUE 

U.S. Patent and Trademark Office 
P.O. Box 2327 
Arlington, VA 22202 



as 



CERTIFICATE UNDER 37 C.F.R. 1.10: The undersigned hereby certifies that this paper or papers, „. 
described herein, are being deposited in the United States Postal Service, "Express Mail Post Office to 
Addressee" having an Express Mail mailing label number of : EL901 5464461 JS . in an envelope addressed to- 
U.S. Patent and Trademark Office, P.O. Box 2327, Arlington, VA 22202 
on this 3id day of December , 2001 . 




Sir: 

In accordance with 37 CFR §1. 173(c)): "Whenever there is an amendment to the 
claims pursuant to paragraph (b) of this section, there must also be supplied, on pages 
separate from the pages containing the changes, the status (i.e., pending or cancelled), as 
of the date of the amendment, of all patent claims and of all added claims, and 



an 



explanation of the support in the disclosure of the patent for the changes made to the 
claims." 

The status of the claims as a result of the amendment submitted herewith is: 
Claims 25-55 have been added. 



The support in the disclosure of the patent for the changes made to the claims and 
for the claims added is as follows: 



P 



Claim 
# 


Claim Phrase 


Exanxnle^ of T,nrfltinn<5 in 

Specification that disclose the claimed element. 


25 


A method for making a 
wafer-pair having 
deposited layer plugged 
sealed chambers, 
comprising: 


Column 2 lines 10-12: "FIGS, la, lb and 2 show an 
illustration of a device 10 having a vacuum pump-out port 11 
and a deposited plug final vacuum seal 12." 1 




growing a thermal layer 
on a first side of a first 
wafer; 


Column 2 lines 49-51: "A 1000 angstroms of a thermal 
Si0 2 layer 24 is grown on the front of wafer 13 in FIG. 4B." 




depositing a nitride layer 
on the thermal layer; 


Column 2 lines 51-53: "A layer 25 of 2000 angstroms of 
Si 3 N 4 (bottom bridge nitride) is deposited on layer 24 in FIG 
4c." 




depositing, patterning 
and removing portions 
of first metal layer on 
the nitride layer for a 
plurality of devices; 


Column 2 lines 53-56: "The first metal NiFe (60:40) of a 
thermocouple is deposited as a 1 100 angstrom layer 26 on layer 
25 and then first metal layer 26 is patterned with a first mask by 
ion milling resulting in the layout of FIG. 4d." 




depositing, patterning 
and removing portions 
of a second metal layer 
on the nitride and first 
metal layers for the 
plurality of devices; 


Column 2 lines 57-60: "For the second metal of the 
thermocouple detectors, a thousand angstrom layer 27 of 
chromium is deposited on layers 25 and 26. Layer 27 in FIG. 4e 
is patterned with a second mask by ion milling and wet etching." 




patterning and removing 
material from the first 
wafer and layers on the 
first side of the first 
wafer and from a second 
side of the first wafer to 
make a plurality of 
pump-out ports through 
the first wafer and layers 
on the first wafer; 


"Plasma etched vias 32 in FIG 4i for the final etch are 
patterned and cut with the use of a fifth mask." (Column 2 line 
68 to column 3 line 1). 

"Plasma etched pump-out port vias 1 1 are patterned and cut 
on layers 23b and 23a of the back of wafer 13 in FIG 4k. There 
is a KOH etch of the backside of wafer 13 through 90 percent of 
wafer 13 for port 11 in FIG 41. Port 11 is completed with an 
etch through via 32 to the front of wafer 13 as shown in FIG 
4m." (Column 3 lines 6-1 1). 
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masking and removing 
material from a first side 
of a second wafer to 
form a plurality of 
recesses in the first side 
of the second wafer; 


"Pattern and cut via 35 by plasma etching on outside layers 
36a and 36b and recess 16 on inside layer 37b of Si 3 N 4 in FIG. 
5b." (Column 3 lines 29-3 U 

"Wafer 14 is removed from the etching fixture and hole 16 
is cleared of remaining Si0 2 layer 37a in FIG. 5d by buffered 
oxide etch." (Column 3 lines 35-37). 

"Nitride and oxide mask layers 36a, 36b, 37a, and 37b are 
stripped from wafer 14." (Column 3 lines 39-41). 




forming a sealing ring 
on the first side of the 
second wafer around 
each of the plurality of 
recesses; and 


"A solder ring pattern is applied to the inside surface 
encircling recess 16, by using a laminated Riston process for lift- 
off. Five hundred angstroms of Ti, 2000 angstroms of Ni and 

500 an£?StrOmS Of All Of aHhp^inn mPtalQ qrp Hpr»nciteH in on 

E-beam evaporator. A five micron layer 40 of InPb (10:90) 
solder is deposited onto adhesion metals 39 in the thermal 
evaporator. The Riston mask is lifted off and the field SiO.sub.2 
in BOE etched off resulting in solder ring 18 in FIG. 5f." 
(Column 3 lines 41-50). 




positioning the first side 
of the first wafer next to 
the first side of the 
second wafer; and 
wherein: 


"Wafers 13 and 14 of FIG. 6a are aligned in a bonding 
cassette using 0.002 inch spacers between the wafers." (Column 
3 lines 58-60). 




each sealing ring is in 
contact with at least one 
of the layers on the first 
side of the first wafer; 


"Wafers 13 and 14 are pressed together in FIG. 6b, with 
about 400 pounds of pressure." (Column 3 lines 62-63) 




each recess of the 
plurality of recesses 
results in a chamber 
containing at least one 
device of the plurality of 
devices; 


In describing Figures la, lb, and 2, "Cavity 16 is the 
chamber that contains an array 17 of detectors on the surface of 
wafer 13 and detects radiation which may come through an anti- 
reflective coated silicon window of top cap 14." (Column 2 lines 
17-20.) Further, a plurality of such recesses are shown in Figure 

3* "FIG 3 shoWSl a Wafpr 70 hflvina mnltinlp rhinc 10 Viaxnnrr a 
A j-vj. -> on w w J a waiw £*\J Having lllUlLlJJlC 1/illUo 11/ IlaVlIlfci a 

wafer-to-wafer sealing of the same material for multiple 
cavities." (Column 2 lines 28-30). 

Further, in describing a nearly finished product, "Wafer 20 
may be cut into individual chips 10, each having its own sealed 
chamber 16 enclosing detectors 17." (Column 4 lines 15-17) 




each sealing ring 
encloses at least one 
pump-out port of the 
plurality of pump-out 
ports; and 


As shown in Figures la and lb. As noted in Column 2 lines 

3 

0-31, "Cavities 16 can be baked out and outgassed since 
each chamber 16 has an open port 11." Column 3 lines 42-50 
note that a solder ring pattern (a sealing ring) encircles the 
recess. Column 4 lines 15-17 notes that each chip has its own 
sealed chamber. 




the first and second 
wafers are effectively a | 


"Wafers 13 and 14 are adhered together at a solder seal ring 
15." (Column 2 lines 15-16). 
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bonded together set of 
wafers. 


"The present wafers 13 and 14, after bonding and sealing, 
may be sawed into individual chips without breakage since the 
sealed top cap protects the fragile microstructure devices 17. 
Further, the plug will not be disturbed since it is a deposited 
layer 12 rather than some dislodgable solder ball or plug" 
(Column 2 lines 37-42) 

"The aligned wafer pair is put in a vacuum press which is 
pumped to a good vacuum with a turbo pump. Wafers 13 and 14 
are pressed together in FIG. 6b, with about 400 pounds of 
pressure. The temperature of the wafers is ramped up to 300 
degrees C, which takes about one hour. Then wafers 13 and 14 
are held at this achieved temperature and pressure for five 
minutes. Then wafers 13 and 14 are cooled down to room 
temperature, and the vacuum chamber is vented. The aligned 
wafer pair is put in a vacuum press which is pumped to a good 
vacuum with a turbo pump. Wafers 13 and 14 are pressed 
together in FIG. 6b, with about 400 pounds of pressure. The 
temperature of the wafers is ramped up to 300 degrees C, which 
takes about one hour. Then wafers 13 and 14 are held at this 
achieved temperature and pressure for five minutes. Then wafers 
miu it <uc i/uuicu uuwn io room temperature, ana the vacuum 
chamber is vented." (Column 3 lines 60-68). 

"Bonded wafer pair 13 and 14 . . ." (Column 4 line 1) 
"Then wafers 13 and 14, combined as wafer 20, may be 
removed from the vacuum environment." (Column 4 lines 13- 
15). 




The method of claim 25, 
further comprising: 
placing the set of wafers 
in an environment of a 
vacuum wherein a 
vacuum occurs in each 
chamber via the at least 
one pump-out port; and 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11. Then in an environment of a 
vacuum, a deposition of metal 12 is applied to the wafer 13 
surface having ports 11 and thereby close ports 11 and seal 
chambers 16 closed with a vacuum in the chambers." (Column 
2 lines 30-34). 

"Wafer pair 13 and 14 is put into a thermal evaporator 
system; and a bake out of the wafer pair at 250 degrees C. is 
preferred for four hours under a vacuum. The wafer pair 13 and 
14 is cooled down but the environment about the wafer pair is 
kept at the desired vacuum. Twenty microns of InPb (50:50) 12 
is deposited onto the backside of detector wafer 13 to plug port 
u 111 nyj- oi', io seai vacuum cnamoer lo ot water pair 13 and 
14. On the wafer 20 scale, a plurality of ports 1 1 in a plurality of 
chips are plugged. Then wafers 13 and 14, combined as wafer 
20, may be removed from the vacuum environment. Wafer 20 
may be cut into individual chips 10, each having its own sealed 
chamber 16 enclosing detectors 17." (Column 4 lines 4-17) 




depositing a layer of 
material on the second 


"Then in an environment of a vacuum, a deposition of metal 
12 is applied to the wafer 13 surface having ports 1 1 and thereby 
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side of the first wafer 
and the plurality of 
pump-out ports on the 
second side of the first 
wafer, wherein each 
chamber is sealed from 
the environment. 


close ports 1 1 and seal chambers 16 closed with a vacuum in the 
chambers " fPnlnmn ? linpc 71 ia\ 

'Twenty microns of InPb (50:50) 12 is deposited onto the 
backside of detector wafer 13 to plug port 1 1 in FIG. 6c, to seal 
vacuum chamber 16 of wafer pair 13 and 14. On the wafer 20 
scale, a plurality of ports 1 1 in a plurality of chips are plugged." 
(Column 4 lines 9-13). 


f"\ 
r B * 

ijesP 
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The method of claim 26, 
further comprising 
baking out the set of 
wafers prior to 
depositing the layer of 
material on the second 
side of the first wafer 
and the plurality of 
pump-out ports on the 
second side of the first 
wafer. 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11. Then in an environment of a 
vacuum, a deposition of metal 12 is applied to the wafer 13 
surface having ports 11 and thereby close ports 11 and seal 
chambers 16 closed with a vacuum in the chambers." (Column 
2 lines 30-34') 

"Wafer pair 13 and 14 is put into a thermal evaporator 
system; and a bake out of the wafer pair at 250 degrees C. is 
preferred for four hours under a vacuum." (Column 4 lines 4-7). 


S3 
SI 

ru 

00 
SI 
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The method of claim 27, 
further comprising 
coating the second wafer 
with antireflection 
material. 


"radiation which may come through an anti-reflective 
coated silicon window of top cap 14." (Column 2 lines 19- 20). 

"Antireflective coating 38 is applied to wafer 14." (Column 
3 line 42). 


B 

i : 

i>l § 

ui 
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The method of claim 28, 
wherein the second 
wafer is made from a 
material that is at least 
substantially transparent 
toTight in thelnfrared^ 
spectrum 


"Further variations on this theme include top cap wafer 14 
^umpu&cu ui oeimdmum ior Deiter ik transmission or ZnSe for 
broadband transmission (i.e., visible and IR)or other optical 
window materials for application specific optical bandpass 
behavior." (Column 4 lines 18-22). 




30 


The method of claim 29, 
wherein the plurality of 
devices comprise 
thermoelectric detectors 


mc cncuiiucr may enclose at least one device such as a 
thermoelectric sensor, bolometer, emitter or other kind of 
device." (Abstract). 

"Each cavity, chamber or volume may contain detectors 
such as thermoelectric detectors, devices, bolometers, or may 
contain emitters." (Column 1 lines 56-58). 




31 


The method of claim 30, 
wherein the plurality of 
devices comprise 
bolometers 


"The chamber may enclose at least one device such as a 
thermoelectric sensor, bolometer, emitter or other kind of 
device." (Abstract). 

ndcii t-avny, tnamoer or volume may contain detectors 
such as thermoelectric detectors, devices, bolometers, or may 
contain emitters." (Column 1 lines 56-58). 

"Detector wafer 13 may have infrared bolometer arrays with 
readout electronics integrated into the wafer." (Column 4 lines 
26-28). 




32 


A method for making a 


Column 2 lines 10-12: "FIGS, la, lb and 2 show an 
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wafer-pair having at 
least one deposited layer 
plugged sealed chamber, 
comprising: 


illustration of a device 10 having a vacuum pump-out port 11 
and a deposited Dlue final vacuum <>ea1 19" 




growing a first thermal 
layer on a first side of a 
first wafer; 


Column 2 lines 49-51' "A 1000 ana<;trnm<: nf a thermal 

Si0 2 layer 24 is grown on the front of wafer 13 in FIG. 4B." 




depositing a nitride layer 
on the first thermal 
layer; 


Column 2 lines 51-53: "A layer 25 of 2000 angstroms of 
Si^Nd (bottom bridee nitride^ is denosited on laver 94 in Via 
4c." 




depositing and 
patterning a first metal 
layer on the nitride layer 
for at least one device; 


Column 2 lines 53-56: "The first metal NiFe (60:40) of a 
thermocouple is deposited as a 1100 angstrom layer 26 on layer 
25 and then first metal layer 26 is patterned with a first mask by 
ion milling resulting in the layout of FIG. 4d." 




depositing and 
patterning a second 
metal layer on the 
nitride layer and the first 
metal layer for the at 
least one device; 


Column 2 line*; "Fnr thp cprrvnH m^tol r\f +v» 0 
thermocouple detectors, a thousand angstrom layer 27 of 
chromium is deposited on layers 25 and 26. Layer 27 in FIG. 4e 
is patterned with a second mask by ion milling and wet etching." 




patterning and removing 
material from the first 
wafer and layers on the 
first side of the first 
wafer and from a second 
side of the first wafer to 
make a pump-out port 
through the first wafer 
and the layers on the 
first wafer; 


Column 2 line 68 to column 3 line 1: "Plasma etched vias 
32 in FIG 4i for the final etch are patterned and cut with the use 
of a fifth mask." 

Column 3 lines 6-11: "Plasma etched pump-out port vias 
1 1 are oattemed and nit nn 1 avers anH nf the* Kar»l> nf 

wafer 13 in FIG 4k. There is a KOH etch of the backside of 
wafer 13 through 90 percent of wafer 13 for port 11 in FIG 41. 
Port 1 1 is completed with an etch through via 32 to the front of 
wafer 13 as shown in FIG 4m." 




masking and removing 
material from a first side 
of a second wafer, to 
form a recess in the first 
side of the second 
wafer; 


Column 3 lines 29-31: "Pattern and cut via 35 by plasma 
etching on outside layers 36a and 36b and recess 16 on inside 
laver 37b of ShNa in FIG 5b " 

Column 3 lines 35-37: "Wafer 14 is removed from the 
etching fixture and hole 16 is cleared of remaining Si0 2 layer 
37a in FIG. 5d by buffered oxide etch." 

Column 3 lines 39-41: "Nitride and oxide mask layers 36a, 
36b, 37a, and 37b are stripped from wafer 14." 




forming a sealing ring 
on the first side of the 
second wafer around the 
recess; 


"A solder ring pattern is applied to the inside surface 
encircling recess 16, by using a laminated Riston process for lift- 
off. Five hundred angstroms of Ti, 2000 angstroms of Ni and 
500 angstroms of Au of adhesion metals 39 are deposited in an 
E-beam evaporator. A five micron layer 40 of InPb (10:90) 
solder is deposited onto adhesion metals 39 in the thermal 
evaporator. The Riston mask is lifted off and the field SiO.sub.2 
in BOE etched off resulting in solder ring 18 in FIG. 5f " 
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positioning the first side 
of the first wafer next to 
the first side of the 
second wafer; and 
wherein: 


( Column 3 lines 

"Wafers 13 and 14 of FIG. 6a are aligned in a bonding 
cassette using 0.002 inch spacers between the wafers." (Column 
3 lines 58-60) 




the sealing ring is in 
contact with at least one 
of the layers on the first 
side of the first wafer; 


"Wafers 13 and 14 are pressed together in FIG. 6b, with 
about 400 pounds of pressure." (Column 3 lines 62-63) 




the at least one device is 
within the recess 
resulting in a chamber 
containing the at least 
one device; 


In describing Figures la, lb, and 2, "Cavity 16 is the 
chamber that contains an array 17 of detectors on the surface of 
wafer 13 and detects radiation which may come through an anti- 
reflective coated silicon window of top cap 14." (Column 2 lines 
17-20.) Further, a plurality of such recesses are shown in Figure 

1 ±VJ - J aiiuwb a wdier zu naving multiple chips 10 having a 
wafer-to-wafer sealing of the same material for multiple 
cavities." (Column 2 lines 28-30). 

Further in de^crihincx a nparlv finioh^H r^rr\A^^f*+ ct \u rt f«« 

uiuivi > aai uwwiumg a iiccuiy iinisneci product, water Z\j 
may be cut into individual chips 10, each having its own sealed 
chamber 16 enclosing detectors 17." (Column 4 lines 15-17) 




the pump-out port is 
within the sealing ring; 
and 


As shown in Figures la, lb, and 2. Also described: 
"Cavities 16 can be baked out and outgassed since each chamber 
16 has an open port 11." (Column 2 lines 30-31). 




the first and second 
wafers are effectively a 
bonded together set of 
wafers. 


"Wafers 13 and 14 are adhered together at a solder seal ring 
15." (Column 2 lines 15-16). 

"The present wafers 13 and 14, after bonding and sealing, 
may be sawed into individual chips without breakage since the 
sealed top cap protects the fragile microstructure devices 17. 
Further, the plug will not be disturbed since it is a deposited 
layer 12 rather than some dislodgable solder ball or plug" 
(Column 2 lines 37-42) 

"The aligned wafer pair is put in a vacuum press which is 
pumped to a good vacuum with a turbo pump. Wafers 13 and 14 
are pressed together in FIG. 6b, with about 400 pounds of 
pressure. The temperature of the wafers is ramped up to 300 
degrees C, which takes about one hour. Then wafers 13 and 14 
are held at this achieved temperature and pressure for five 
minutes. Then wafers 13 and 14 are cooled down to room 
temperature, and the vacuum chamber is vented. The aligned 
wafer pair is put in a vacuum press which is pumped to a good 
vacuum with a turbo pump. Wafers 13 and 14 are pressed 
together in FIG. 6b, with about 400 pounds of pressure. The 
temperature of the wafers is ramped up to 300 degrees C, which 
takes about one hour. Then wafers 13 and 14 are held' at this 
achieved temperature and pressure for five minutes. Then wafers 







1J mAU i*t oio t/ooieu uown 10 room temperature, and the vacuum 

chamber is vented." (Column 3 lines 60-68). 

"Bonded wafer pair 13 and 14 . . ." (Column 4 line 1) 
"Then wafers 13 and 14, combined as wafer 20, may be 

removed from the vacuum environment." (Column 4 lines 13- 

15). 
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The method of claim 32, 
further comprising: 
placing the bonded 
together set of wafers in 
an environment of a 
vacuum wherein a 
vacuum occurs in the 
chamber via the pump- 
out port; and 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11. Then in an environment of a 
vacuum, a deposition of metal 12 is applied to the wafer 13 
surface having ports 11 and thereby close ports 11 and seal 
chambers 16 closed with a vacuum in the chambers." (Column 
2 lines 30-34). 

"Wafer pair 13 and 14 is put into a thermal evaporator 
system; and a bake out of the wafer pair at 250 degrees C. is 
preferred for four hours under a vacuum. The wafer pair 13 and 
14 is cooled down but the environment about the wafer pair is 
kept at the desired vacuum. Twenty microns of InPb (50:50) 12 
is deposited onto the backside of detector wafer 13 to plug port 
xi in 1 Avj. u^, iu bcai vdwumn cndmoer 10 01 waier pair 1J and 
14. On the wafer 20 scale, a plurality of ports 1 1 in a plurality of 
chips are plugged. Then wafers 13 and 14, combined as wafer 
20, may be removed from the vacuum environment. Wafer 20 
may be cut into individual chips 10, each having its own sealed 
chamber 16 enclosing detectors 17." (Column 4 lines 4-17) 




depositing a layer of 
material on the second 
side of the first wafer 
and the pump-out port 
on the second side of the 
first wafer, wherein the 
chamber is sealed from 
the environment. 


"Then in an environment of a vacuum, a deposition of metal 
12 is applied to the wafer 13 surface having ports 1 1 and thereby 
close ports 1 1 and seal chambers 16 closed with a vacuum in the 
chamhers " /fYilrimn 9 Un**c 31 1£\ 

"Twenty microns of InPb (50:50) 12 is deposited onto the 
backside of detector wafer 13 to plug port 11 in FIG. 6c, to seal 
vacuum chamber 16 of wafer pair 13 and 14. On the wafer 20 
scale, a plurality of ports 1 1 in a plurality of chips are plugged." 
(Column 4 lines 9-13). 


34 


The method of claim 33, 
further comprising 
baking out the bonded 
together set of wafers 
prior to depositing the 
layer of material on the 
second side of the first 
wafer and the pump-out 
port on the second side 
of the first wafer. 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11. Then in an environment of a 
vacuum, a deposition of metal 12 is applied to the wafer 13 
surface having ports 11 and thereby close ports 11 and seal 
i/iiaiiiucid iu L/iubcu wnn a vacuum in tne cnamoers. (Column 
2 lines 30-34). 

"Wafer pair 13 and 14 is put into a thermal evaporator 
system; and a bake out of the wafer pair at 250 degrees C. is 
preferred for four hours under a vacuum." (Column 4 lines 4-7). 


35 


The method of claim 34, 
wherein the at least one 
device is a detector. | 


"The chamber may enclose at least one device such as a 
thermoelectric sensor, bolometer, emitter or other kind of 
device." (Abstract). 
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"Each cavity, chamber or volume may contain detectors 
ou^u an uicimuciccinc detectors, devices, bolometers, or may 
contain emitters." (Column 1 lines 56-58). 

"Cavity 16 is the chamber that contains an array 17 of 
detectors on the surface of wafer 13 and detects radiation which 
may come through an anti-reflective coated silicon window of 
top cap 14." (Column 2 lines 17-20). 


36 


The method of claim 35, 
wherein the at least one 
device is a 

thermoelectric detector. 


mc cudtnoer may enclose at least one device such as a 
thermoelectric sensor, bolometer, emitter or other kind of 
device." (Abstract). 

"Each cavity, chamber or volume may contain detectors 
such as thermoelectric detectors, device^ hnlnm*tf>r S r, r may 
contain emitters." (Column nines 56-58) 


37 


The method of claim 34, 
wherein the at least one 
device is an emitter. 


±11^ vaiauiuci iiidy enclose ai least one device such as a 
thermoelectric sensor, bolometer, emitter or other kind of 
device." (Abstract). 

"Each cavity, chamber or volume may contain detectors 
such as thermoelectric detectors, devices, bolometers, or may 
contain emitters." (Column 1 lines 56-58) 


38 


A method for making a 
wafer-pair having sealed 
chambers, comprising: 
patterning and removing 
material from the first 
wafer to make a 
plurality of pump-out 
ports through the first 
wafer; 


Column 2 line 68 to column 3 line 1: "Plasma etched vias 
32 in FIG 4i for the final etch are patterned and cut with the use 
of a fifth mask." 

Column 3 linpQ f\- 1 1 * "Plootmo o+r*\\aA _± 

v^iuimi j mica u-ii. i^idsima etcnea pump-out port vias 

1 1 are patterned and cut on layers 23b and 23a of the back of 

wafer 13 in FIG 4k. There is a KOH etch of the backside of 

wafer 13 through 90 perent of wafer 13 for port 11 in FIG 41. 

Port 11 is completed with an etch through via 32 to the front of 

wafer 13 as shown in FIG 4m." 




masking and removing 
material from a first side 
of a second wafer to 
form a plurality of 
recesses in the first side 
of the second wafer; 


Column 3 lines 29-31: "Pattern and cut via 35 by plasma 
etching on outside layers 36a and 36b and recess 16 on inside 
laver 37b of SiVNL. in FT(^r " 

AtAjfWl J 1 \J Ul OJ-3-1-N4 All X^XVJ. JO. 

Column 3 lines 35-37: "Wafer 14 is removed from the 
etching fixture and hole 16 is cleared of remaining Si0 2 layer 
37a in FIG. 5d by buffered oxide etch." 

Column 3 lines 39-41: "Nitride and oxide mask layers 36a, 
36b, 37a, and 37b are stripped from wafer 14 " 




forming a sealing ring 
on a first side of the first 
wafer or the first side of 
the second wafer such 
that the sealing ring 
extends around each of 
the plurality of recesses; 
and 


"A solder ring pattern is applied to the inside surface 
encircling recess 16, by using a laminated Riston process for lift- 
off. Five hundred angstroms of Ti, 2000 angstroms of Ni and 
500 angstroms of Au of adhesion metals 39 are deposited in an 
E-beam evaporator. A five micron layer 40 of InPb (10:90) 
solder is deposited onto adhesion metals 39 in the thermal 
evaporator. The Riston mask is lifted off and the field SiO.sub.2 
in BOE etched off resulting in solder ring 18 in FIG. 5f." 
(Column 3 lines 41-50). See also Figure lb where seal ring 15 
extends around recess 16. 
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positioning the first side 
of the first wafer next to 
the first side of the 
second wafer; and 


"Wafers 13 and 14 of FIG. 6a are aligned in a bonding 
cassette using 0.002 inch spacers between the wafers." (Column 
3 lines 58-60) 


\- 


wherein: each sealing 
ring is in contact with 
the first side of the first 
wafer and the first side 
of the second wafer 


"Wafers 13 and 14 are pressed together in FIG. 6b, with 
about 400 pounds of pressure." (Column 3 lines 62-63) 




each recess of the 
plurality of recesses 
results in a chamber; 


In describing Figures la, lb, and 2, "Cavity 16 is the 
chamber that contains an array 17 of detectors on the surface of 
wafer 13 and detects radiation which may come through an anti- 
reflective coated silicon window of top cap 14." (Column 2 lines 
17-20.) Further, a plurality of such recesses are shown in Figure 
* -» s>iiuwt> d waier zu naving multiple chips 10 having a 
wafer-to-wafer sealing of the same material for multiple 
cavities." (Column 2 lines 28-30). 

Further, in describing a nearly finished product, "Wafer 20 
may be cut into individual chips 10, each having its own sealed 
chamber 16 enclosing detectors 17." (Column 4 lines 15-17) 




each sealing ring 
encloses at least one 
pump-out port of the 
plurality of pump-out 
ports; and 


onvwii in ngures la ana id. as noted in Column 2 lines 
30-31, "Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11." Column 3 lines 42-50 note 
that a solder ring pattern (a sealing ring) encircles the recess. 
Column 4 lines 15-17 notes that each chip has its own sealed 
chamber. 




the first and second 
wafers are effectively a 
bonded together set of 
wafers. 


"Wafers 13 and 14 are adhered together at a solder seal ring 
15." (Column 2 lines 15-16). 

"The present wafers 13 and 14, after bonding and sealing, 
may be sawed into individual chips without breakage since the 
sealed top cap protects the fragile microstructure devices 17. 
Further, the plug will not be disturbed since it is a deposited 
layer 12 rather than some dislodgable solder ball or plug" 
(Column 2 lines 37-42) 

"The aligned wafer pair is put in a vacuum press which is 
pumped to a good vacuum with a turbo pump. Wafers 13 and 14 
are pressed together in FIG. 6b, with about 400 pounds of 
pressure. The temperature of the wafers is ramped up to 300 
degrees C, which takes about one hour. Then wafers 13 and 14 
are held at this achieved temperature and pressure for five 
minutes. Then wafers 13 and 14 are cooled down to room 
temperature, and the vacuum chamber is vented. The aligned 
wafer pair is put in a vacuum press which is pumped to a good 
vacuum with a turbo pump. Wafers 13 and 14 are pressed 
together in FIG. 6b, with about 400 pounds of pressure. The 
temperature of the wafers is ramped up to 300 degrees C, which 
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takes about one hour. Then wafers 13 and 14 are held at this 
achieved temperature and pressure for five minutes. Then wafers 

13 and 14 arc CnftlPn Hnwn to rnnm tpmnprohirp onH fV»c» T7or>imrvi 
A a » ttiv wi/iisii uuwii IVJ HJU1H ICillUCI dim Cj oil LI LilC VaCUUm 

chamber is vented." (Column 3 lines 60-68). 

"Bonded wafer pair 13 and 14 . . ." (Column 4 line 1) 
"Then wafers 13 and 14, combined as wafer 20, may be 

removed from the vacuum environment." (Column 4 lines 13- 

15). 


□ 

□ 

si 
ry 

CO 

eo 

Jjcr 

rii 
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The method of claim 38, 
further comprising: 
placing the set of wafers 
in an environment of a 
vacuum wherein a 
vacuum occurs in each 
chamber via a pump-out 
port; and 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11. Then in an environment of a 
vacuum, a deposition of metal 12 is applied to the wafer 13 
surface having ports 11 and thereby close ports 11 and seal 
chambers 16 closed with a vacuum in the chambers." (Column 
2 lines 30-34). 

"Wafer pair 13 and 14 is put into a thermal evaporator 
system; and a bake out of the wafer pair at 250 degrees C. is 
preferred for four hours under a vacuum. The wafer pair 13 and 
14 is cooled down but the environment about the wafer pair is 
kept at the desired vacuum. Twenty microns of InPb (50:50) 12 
is deposited onto the backside of detector wafer 13 to plug port 

1 1 in FIG 6c tO Seal Vadium rhamhpr 1 f\ C\f wafpr r»oir 1 ^ ar»H 
* x iX * A avj. vv, iv ovoi vacuum t'liaiiiut/l 1 U Ul WdiCl Ud.li 1 j dllCl 

14. On the wafer 20 scale, a plurality of ports 1 1 in a plurality of 
chips are plugged. Then wafers 13 and 14, combined as wafer 
20, may be removed from the vacuum environment. Wafer 20 
may be cut into individual chips 10, each having its own sealed 
chamber 16 enclosing detectors 17." (Column 4 lines 4-17). 


P 
Ui 

u 




depositing a layer of 
material on a second 
side of the first wafer to 
seal the plurality of 
pump-out out ports from 
the second side of the 
first wafer, wherein each 
chamber is sealed from 
the environment. 


"Then in an environment of a vacuum, a deposition of metal 
12 is applied to the wafer 13 surface having ports 1 1 and thereby 
close ports 1 1 and seal chambers 16 closed with a vacuum in the 
chambers" (Column 2 lines ^1-^4^ 

"Twenty microns of InPb (50:50) 12 is deposited onto the 
backside of detector wafer 13 to plug port 11 in FIG. 6c, to seal 
vacuum chamber 16 of wafer pair 13 and 14. On the wafer 20 
scale, a plurality of ports 1 1 in a plurality of chips are plugged." 
(Column 4 lines 9-13). 
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The method of claim 39, 
further comprising 
baking out the set of 
wafers prior to 
depositing the layer of 
material on the second 
side of the first wafer. 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11. Then in an environment of a 
vacuum, a deposition of metal 12 is applied to the wafer 13 

Surface having nOT*t°. 1 1 and tViPrelw rlncp nnrtc 1 1 cm A cool 

chambers 16 closed with a vacuum in the chambers." (Column 
2 lines 30-34). 

"Wafer pair 13 and 14 is put into a thermal evaporator 
system; and a bake out of the wafer pair at 250 degrees C. is 
preferred for four hours under a vacuum." (Column 4 lines 4-7) 




41 


The method of claim 40, 
wherein the set of 


"The present wafers 13 and 14, after bonding and sealing, 
may be sawed into individual chips without breakage since the 
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wafers is cut into a 
plurality of chips 
wherein each chip has 
one or more sealed 
chambers. 


sealed top cap protects the fragile microstructure devices 17. 

Further the nlno will nnf ~ a ■ _ - , • , . 
s. uiiucx, me piug win not oe disturbed since it is a deposited 

layer 12 rather than some dislodgable solder ball or plug" 
(Column 2 lines 37-42). 

"Wafer 20 may be cut into individual chips 10, each having 
its own sealed chamber 16 enclosing detectors 17." (Column 4 
lines 15-17). 


42 
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The method of claim 40, 
wherein the one or more 
sealed chambers 
contains one or more 
devices. 


The procedure here has been implemented and resulted in 
vacuum levels below 10 millitorr of residual pressure as 
measured by pressure sensors within the cavity." (Column 1 
lines 41-44). 

"Each cavity, chamber or volume may contain detectors 
such as thermoelectric detectors, devices, bolometers, or may 
contain emitters." (Column 1 lines 56-58). 

"Cavity 16 is the chamber that contains an array 17 of 
detectors on the surface of wafer 13 and detects radiation which 
may come through an anti-reflective coated silicon window of 
top cap 14." (Column 2 lines 17-20). 

"Wafer 20 may be cut into individual chips 10, each having 
its own sealed chamber 16 enclosing detectors 17." (Column 4 
lines 15-17). 

"Top cap wafer 14 may have integrated components built in 
or on the surface in addition to those on the detector wafer 13. 

Detector wafer 1 ^ havinor a a \ -i r-j-i r->> ( t .n , , 

IU1 waiu LJ waving a tuapnragm pressure sensor integrated 

into it, the sealed chamber then forms a vacuum pressure 

reference. Detector wafer 13 may have infrared bolometer arrays 

with readout electronics integrated into the wafer. Detector 

wafer 13 may have moving parts to be sealed in a chamber for 

other functional purposes." (Column 4 lines 22-30) 
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The method of claim 38, 
further comprising: 
placing the set of wafers 
in an environment of a 
gas wherein the gas 
enters each chamber via 
a pump-out port; and 
depositing a layer of 
material on a second 
side of the first wafer to 
seal the plurality of 
pump-out out ports from 
the second side of the 
first wafer, wherein each 
chamber is sealed from \ 
an ambient environment. 1 


As noted, instead of evacuating the chambers, the chambers 
may be filled with a gas and sealed. "Each cavity may have a 
gas instead of a vacuum." (Column 1 lines 55-56). "The 
bonded wafer pair 13 and 14 in FIG. 6c may be hermetically 
sealed with a controlled residual pressure of a specific gas type 
for optimal thermal, mechanical or other properties rather than 
simply evacuated for the devices within the chamber." (Column 
4 lines 30-34). 

The method for performing this action is similar to that used 
to create a vacuum, where the chamber is sealed by depositing a 
layer of material to seal the plurality of pump-out ports: 
"Cavities 16 can be baked out and outgassed since each chamber 
16 has an open port 1 1. Then in an environment of a vacuum, a 
deposition of metal 12 is applied to the wafer 13 surface having 
ports 1 1 and thereby close ports 1 1 and seal chambers 16 closed 
with a vacuum in the chambers." (Column 2 lines 31-34). 
"Twenty microns of InPb (50:50) 12 is deposited onto the 
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backside of detector wafer 13 to plug port 11 in FIG. 6c, to seal 
vacuum chamber 16 of wafer pair 13 and 14. On the wafer 20 
scale, a plurality of ports 1 1 in a plurality of chips are plugged." 
(Column 4 lines 9-13). 


44 


A method for making a 
wafer-pair with a sealed 
chamber therebetween, 
comprising: providing a 
first wafer and a second 
wafer; forming one or 
more pump-out ports 
through the first wafer; 


"Plasma etched vias 32 in FIG 4i for the final etch are 
patterned and cut with the use of a fifth mask." (Column 2 line 
68 to column 3 line 1). 

± laama ti^/iicu puiiip-uui pun vids 1 1 are patterned and cut 
on layers 23b and 23a of the back of wafer 13 in FIG 4k. There 
is a KOH etch of the backside of wafer 13 through 90 percent of 
wafer 13 for port 11 in FIG 41. Port 11 is completed with an 
etch through via 32 to the front of wafer 13 as shown in FIG 
4m." (Column 3 lines 6-11). 




positioning a first side 
of the first wafer next to 
a first side of the second 
wafer with a sealing ring 
therebetween, 


"A solder ring pattern is applied to the inside surface 
encircling recess 16, by using a laminated Riston process for lift- 
off. Five hundred angstroms of Ti, 2000 angstroms of Ni and 
500 angstroms of Au of adhesion metals 39 are deposited in an 
E-beam evaporator. A five micron layer 40 of InPb (10:90) 
solder is deposited onto adhesion metals 39 in the thermal 
evanorator The Ri^tnn mask Jc liftpH nff onH tVi^ Qzr\ o^o* o 

wvapuiaiui. j. iit rviaiuii iiiabK lb llllcU Oil ailQ Uie neiQ olU.SUD.Z 

in BOE etched off resulting in solder ring 18 in FIG. 5f." 
(Column 3 lines 41-50). 

"Wafers 13 and 14 of FIG. 6a are aligned in a bonding 
cassette using 0.002 inch spacers between the wafers." (Column 
3 lines 58-60). 




the first wafer, the 
second wafer and the 
sealing ring forming a 
chamber, 


"Pattern and cut via 35 by plasma etching on outside layers 
36a and 36b and recess 16 on inside layer 37b of Si 3 N 4 in FIG. 
5b." (Column 3 lines 29-31). 

"Wafer 14 is removed from the etching fixture and hole 16 
is cleared of remaining Si0 2 layer 37a in FIG. 5d by buffered 
oxide etch." (Column 3 lines 35-37). 

"Nitride and oxide mask layers 36a, 36b, 37a, and 37b are 
stripped from wafer 14." (Column 3 lines 39-41). 

"A solder ring pattern is applied to the inside surface 
encircling recess 16, by using a laminated Riston process for lift- 
off. Five hundred angstroms of Ti, 2000 angstroms of Ni and 
500 angstroms of Au of adhesion metals 39 are deposited in an 
E-beam evaporator. A five micron layer 40 of InPb (10:90) 

solder r1pnnQitf*HI nntn aHVn=»cir\n mf»toio i*i +u^«-^,~i 
jumu id ut^puancu uiiiu auiicbiun metais jy in tne tnermal 

evaporator. The Riston mask is lifted off and the field SiO.sub.2 

in BOE etched off resulting in solder ring 18 in FIG. 5f." 

(Column 3 lines 41-50). 

"Wafers 13 and 14 are pressed together in FIG. 6b, with 

about 400 pounds of pressure." (Column 3 lines 62-63). 




with the pump-out port 
of the first wafer in fluid 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11." Column 2 lines 30-31. 
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communication with the 
chamber; and 


And also as shown in Figure 6b. 




plugging the pump out 
port to seal the chamber. 


"Then in an environment of a vacuum, a deposition of metal 
12 is applied to the wafer 13 surface having ports 1 1 and thereby 
close ports 1 1 and seal chambers 16 closed with a vacuum in the 

chambers " fPnlnmn 9 lin^c 71 1A\ 

"Twenty microns of InPb (50:50) 12 is deposited onto the 
backside of detector wafer 13 to plug port 1 1 in FIG. 6c, to seal 
vacuum chamber 16 of wafer pair 13 and 14. On the wafer 20 
scale, a plurality of ports 1 1 in a plurality of chips are plugged." 
(Column 4 lines 9-13). 




A method according to 
claim 44 further 
comprising the step of: 
making a recess in the 
first side of the first 
wafer and/or the first 
side of the second wafer, 
wherein the recess is in 
registration with the 
chamber. 


"Pattern and cut via 35 by plasma etching on outside layers 
36a and 36b and recess 16 on inside layer 37b of Si 3 N 4 in FIG 
5b." (Column 3 lines 29-31). 

"Wafer 14 is removed from the etching fixture and hole 16 

IS Cleared fif rpmainina lo\/f»r 17^ i »-» "ETf~* c j i i_ rr j 

10 viuoi^u ui iciiidiimig OIKJ2 layer j/a in rivj. jq by buttered 
oxide etch." (Column 3 lines 35-37). 

"Nitride and oxide mask layers 36a, 36b, 37a, and 37b are 
stripped from wafer 14." (Column 3 lines 39-41). 
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A method according to 
claim 44 further 
comprising the step of: 
providing one or more 
devices in or on the first 
side of the first wafer 
and/or the first side of 
the second wafer before 
the positioning step. 


The first metal NiFe (60:40) of a thermocouple is deposited 
as a 1100 angstrom layer 26 on layer 25 and then first metal 
layer 26 is patterned with a first mask by ion milling resulting in 
the layout of FIG. 4d. 

For the second metal of the thermocouple detectors, a 
thousand angstrom layer 27 of chromium is deposited on layers 

25 and 26. Layer 27 in FIG. 4e is patterned with a second mask 
by ion milling and wet etching. A layer 28 consisting of 6000 
angstroms of Si.sub.3 N.sub.4 is deposited on metal layers 26 
and 27, and layer 25, as the top bridge nitride in FIG. 4f. An 
absorber 29 is deposited on layer 28 of FIG. 4g and patterned 
with a third mask. Absorber 29 is capped with a layer 30 of 
Si.sub.3 N.sub.4. Plasma etched vias 31 to metal layer 27 are 
patterned and cut with the use of a fourth mask, as shown in 
FIG. 4h. Plasma etched vias 32 in FIG. 4i for the final etch are 
patterned and cut with the use of a fifth mask. Five hundred 
angstroms of Cr, 2000 angstroms of Ni and 5000 angstroms of 
Au are deposited, patterned and lifted off for pad and solder 
frame metal 33 in FIG. 4j. Passivated leadouts 40 in first metal 

26 or second metal 27 pass under the seal ring metal 33 in FIG. 
4j. Plasma etched pump-out port vias 1 1 are patterned and cut on 
layers 23b and 23a of the back of wafer 13 in FIG. 4k. There is a 
KOH etch of the back side of wafer 13 through 90 percent of 
wafer 13 for port 11 in FIG. 41. Port 11 is completed with an 
etch through via 32 to the front of wafer 13 as shown in FIG 
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4m. (Column 2 line 53 to column 3 line 1 1) 
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A method according to 
claim 46 wherein the 
one or more devices are 
in registration with the 
chamber. 


"The procedure here has been implemented and resulted in 
vacuum levels below 10 millitorr of residual pressure as 
measured by pressure sensors within the cavity " (Column 1 
lines 41-44). 

"Each cavity, chamber or volume may contain detectors 
such as thermoelectric detectors, devices, bolometers, or may 
contain emitters." (Column 1 lines 56-58). 
| "Cavity 16 is the chamber that contains an array 17 of 
detectors on the surface of wafer 13 and detects radiation which 
may come through an anti-reflective coated silicon window of 
top cap 14." (Column 2 lines 17-20). 

"Wafer 20 may be cut into individual chips 10, each having 
its own sealed chamber 16 enclosing detectors 17." (Column 4 
lines 15-17). ? 

"Top cap wafer 14 may have integrated components built in 
or on the surface in addition to those on the detector wafer 13. 
i^wit^iui waici l j Having d uidpnragm pressure sensor integrated 
into it, the sealed chamber then forms a vacuum pressure 
reference. Detector wafer 13 may have infrared bolometer arrays 
with readout electronics integrated into the wafer. Detector 
wafer 13 may have moving parts to be sealed in a chamber for 
other functional purposes." (Column 4 lines 22-30). 
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A method for making a 
wafer-pair with a sealed 
chamber therebetween, 
comprising: providing a 
first wafer and a second 
wafer; forming one or 
more pump-out ports 
through the first wafer; 


"Plasma etched vias 32 in FIG 4i for the final etch are 
patterned and cut with the use of a fifth mask." (Column 2 line 
68 to column 3 line 1). 

x mama civ^ncu puiiip-uui port vias 1 1 are patterned ana cut 
on layers 23b and 23a of the back of wafer 13 in FIG 4k. There 
is a KOH etch of the backside of wafer 13 through 90 percent of 
wafer 13 for port 11 in FIG 41. Port 11 is completed with an 
etch through via 32 to the front of wafer 13 as shown in FIG 
4m." (Column 3 lines 6-11). 
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making a recess in a first 
side of the first wafer 
and/or a first side of the 
second wafer; 


"Pattern and cut via 35 by plasma etching on outside layers 
36a and 36b and recess 16 on inside layer 37b of Si 3 N 4 in FIG. 
5b" (Column 3 lines 99-^ H 

"Wafer 14 is removed from the etching fixture and hole 16 
is cleared of remaining Si0 2 layer 37a in FIG. 5d by buffered 
oxide etch." (Column 3 lines 35-37). 

imiiiuc <uxu uAiuc uidSK layers joa, jod, j/a, and J/o are 
stripped from wafer 14." (Column 3 lines 39-41). 




positioning the first side 
of the first wafer next to 
the first side of the 
second wafer, 


"Wafers 13 and 14 of FIG. 6a are aligned in a bonding 
cassette using 0.002 inch spacers between the wafers." (Column 
3 lines 58-60). 




the first wafer and the 
second wafer forming a 


"Cavity 16 is effected by a recess of about 125 microns into 
wafer 14 having a border 18." (Column 2 lines 21-22). 
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chamber that is at least 
partially defined by the 
recess, 








with the pump-out port 
of the first wafer in fluid 
communication with the 
chamber; and 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11." Column 2 lines 30-31. Fluid 
communication of the pump-out port of the first wafer with the 
chamber is also shown in Figure 6b. 






plugging the pump out 
port to seal the chamber. 


"Then in an environment of a vacuum, a deposition of metal 
12 is applied to the wafer 13 surface having ports 1 1 and thereby 
close ports 1 1 and seal chambers 16 closed with a vacuum in the 

chambers " fPnlnmn 9 1inf»c ^1 1A\ 

"Twenty microns of InPb (50:50) 12 is deposited onto the 
backside of detector wafer 13 to plug port 1 1 in FIG. 6c, to seal 
vacuum chamber 16 of wafer pair 13 and 14. On the wafer 20 
scale, a plurality of ports 1 1 in a plurality of chips are plugged." 
(Column 4 lines 9-13). 
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A method for making a 
wafer-pair with a sealed 
chamber therebetween 
comprising: providing a 
first wafer having a first 
side, with one or more 
bond pads on the first 
side; 


As shown in Figure 4j and also discussed in the 
specification: "Five hundred angstroms of Cr, 2000 angstroms 
ui A>(1 <uiu diigbuuiiib ui /\u die ueposuea, paixemeu and 
lifted off for pad and solder frame metal 33 in FIG. 4j." 
(Column 3 lines 1-4). 
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providing a second 
wafer; forming one or 
more bond-pad holes 
through the second 
wafer; 


"Pattern and cut via 35 by plasma etching on outside layers 
36a and 36b and recess 16 on inside layer 37b of Si.sub.3 
N.sub.4 in FIG. 5b. The wafer 14 is then put in a fixture to allow 
etching of the outside surface 35 and 36b while protecting the 
maiuc iu ouu j/u iu rsAjn cicn waier i*f inrougn noie to yu 
percent of the way through top cap wafer 14, as shown in FIG. 
5c. Wafer 14 is removed from the etching fixture and hole 16 is 
cleared of remaining Si02 layer 37a in FIG. 5d by buffered 
oxide etch. Hole 35 is further etched through wafer 14 to layer 
37a to complete bond pad hole 35." (Column 3 lines 29-39). 






positioning the first side 
of the first wafer next to 
a first side of the second 
wafer with a sealing ring 
therebetween; 


"A solder ring pattern is applied to the inside surface 
encircling recess 16, by using a laminated Riston process for lift- 
off. Five hundred angstroms of Ti, 2000 angstroms of Ni and 
500 angstroms of Au of adhesion metals 39 are deposited in an 
E-beam evaporator. A five micron layer 40 of InPb (10:90) 
solder is deposited onto adhesion metals 39 in the thermal 
evaporator. The Riston mask is lifted off and the field SiO.sub.2 
in BOE etched off resulting in solder ring 18 in FIG. 5f." 
(Column 3 lines 41-50). 

"Wafers 13 and 14 of FIG. 6a are aligned in a bonding 
cassette using 0.002 inch spacers between the wafers." (Column 
3 lines 58-60). 
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I the first wafer, the 
second wafer and the 
sealing ring forming a 
chamber, 


"Wafer 14 has a solder adhesion metal and solder ring 15 
which matches detector wafer 13, a border 18 forming chamber 
16 above detectors 17, and holes 35 through wafer 14 to access 
the wire bond pads on detector wafer 13." (Column 3 lines 19- 
23). 

"A solder ring pattern is applied to the inside surface 
encircling recess 16, by using a laminated Riston process for lift- 
off. Five hundred angstroms of Ti, 2000 angstroms of Ni and 
500 angstroms of Au of adhesion metals 39 are deposited in an 
E-beam evaporator. A five micron layer 40 of InPb (10:90) 
solder is deposited onto adhesion metals 39 in the thermal 
evaporator. The Riston mask is lifted off and the field SiO.sub.2 
in BOE etched off resulting in solder ring 18 in FIG. 5f." 
(Column 3 lines 41-50). 

"Pattern and cut via 35 by plasma etching on outside layers 
36a and 36b and recess 16 on inside layer 37b of Si 3 N 4 in FIG 
5b." (Column 3 lines 29-31). 

"Wafer 14 is removed from the etching fixture and hole 16 
is cleared of remaining Si0 2 layer 37a in FIG. 5d by buffered 
oxide etch." (Column 3 lines 35-37). 

iMiinue ana oxiae mask layers 36a, 36b, 37a, and 37b are 
stripped from wafer 14." (Column 3 lines 39-41). 

Having shown how the sealing ring may be formed for one 
embodiment, Figures 6a-6c show that the two wafers may be 
pressed together and the wafers 13, 14 and sealing ring 18 form 
a chamber 16. 




the first wafer and 
second wafer being 
aligned so that the bond- 
pad holes are in 
registration with the one 
or more bond pads on 
the first wafer; and 


"Wafer 14 has a solder adhesion metal and solder ring 15 
which matches detector wafer 13, a border 18 forming chamber 
16 above detectors 17, and holes 35 through wafer 14 to access 
the wire bond pads on detector wafer 13." (Column 3 lines 19- 
23). 

rigureb oa-oc snow mat me bona pad hole 35 is aligned 
with bond pad 33. Particularly, Figure 6a numbers more 
portions of the bond pads 33, and the bond pads 33 are clearly in 
registration with the bond pad hole 35, though the reference 
numerals on some of the bond pads 33 are not included in each 
of the Figures. 




the first and second 
wafers are effectively a 
bonded together set of 
wafers. 


"Wafers 13 and 14 are pressed together in FIG. 6b, with 
about 400 pounds of pressure. The temperature of the wafers is 
ramped up to 300 degrees C, which takes about one hour. Then 
wafers 13 and 14 are held at this achieved temperature and 
pressure for five minutes. Then wafers 13 and 14 are cooled 
down to room temperature, and the vacuum chamber is vented. 

Bonded wafer pair 13 and 14 is put into an E-beam 
evaporation system for sputter cleaning of the pump-out port 11 
surfaces, followed by adhesion layers of 500 angstroms of Ti, 
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1000 angstroms of Ni and 500 angstroms of Au. Wafer pair 13 j 
and 14 is put into a thermal evaporator system; and a bake out of 
the wafer pair at 250 degrees C. is preferred for four hours under 
a vacuum. The wafer pair 13 and 14 is cooled down but the 
environment about the wafer pair is kept at the desired vacuum 
Twenty microns of InPb (50:50) 12 is deposited onto the 
ua^iuc ui ueiecior waier 13 to plug port 11 in FIG. 6c, to seal 
vacuum chamber 16 of wafer pair 13 and 14. On the wafer 20 
scale, a plurality of ports 11 in a plurality of chips are plugged. 
Then wafers 13 and 14, combined as wafer 20, may be removed 
from the vacuum environment." (Column 3 line 60 to column 4 
line 15). j 
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A bonded wafer pair, 
comprising: a first 
wafer; a second wafer; 
the first wafer having 
one or more pump-out 
ports through the first 
wafer; 


Plasma etched vias 32 in FIG 4i for the final etch are 
patterned and cut with the use of a fifth mask." (Column 2 line 
68 to column 3 line 1). 

ridMiid eicnea pump-out port vias 1 1 are patterned and cut 
on layers 23b and 23a of the back of wafer 13 in FIG 4k. There 
is a KOH etch of the backside of wafer 13 through 90 percent of 
wafer 13 for port 11 in FIG 41. Port 11 is completed with an 
etch through via 32 to the front of wafer 13 as shown in FIG 
4m." (Column 3 lines 6-1 1). 1 


1 


the first side of the first 
wafer bonded to a first 
side of the second wafer 
via a sealing ring; 


Wafers 13 and 14 are bonded together at solder seal ring 
15." (Column 2 lines 15-16). 

"To begin, the Au solder ring surface 33 of detector wafer 
13 is sputter cleaned. The InPb surface of ring 18 of top cap 
wafer 14 is oxygen plasma cleaned. Wafers 13 and 14 of FIG. 6a 
are aligned in a bonding cassette using 0.002 inch spacers 
between the wafers. The aligned wafer pair is put in a vacuum 
press which is pumped to a good vacuum with a turbo pump. 
Wafers 13 and 14 are pressed together in FIG. 6b, with about 
w F^uiiua ui picture, ine temperature ot the wafers is ramped 
up to 300 degrees C, which takes about one hour. Then wafers 
13 and 14 are held at this achieved temperature and pressure for 
five minutes. Then wafers 13 and 14 are cooled down to room 
temperature, and the vacuum chamber is vented." (Column 3 
lines 56-67). " j 




the first wafer, the 
second wafer and the 
sealing ring forming a 
chamber, 


A solder ring pattern is applied to the inside surface 
encircling recess 16, by using a laminated Riston process for lift- 
off. Five hundred angstroms of Ti, 2000 angstroms of Ni and 
500 angstroms of Au of adhesion metals 39 are deposited in an 
E-beam evaporator. A five micron layer 40 of InPb (10:90) 
solder is deposited onto adhesion metals 39 in the thermal 
evaporator. The Riston mask is lifted off and the field SiO.sub.2 
in BOE etched off resulting in solder ring 18 in FIG 5f " 
(Column 3 lines 41-50). 

"Pattern and cut via 35 by plasma etching on outside layers 
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36a and 36b and recess 16 on inside layer 37b of Si 3 N 4 in FIG. 
5b." (Column 3 lines 29-3 1). 

"Wafer 14 is removed from the etching fixture and hole 16 
is cleared of remaining Si0 2 layer 37a in FIG. 5d by buffered 
oxide etch." (Column 3 lines 35-37). 

"Nitride and oxide mask lavpn; ^fia ^7q onH o**« 
stripped from wafer 14." (Column 3 lines 39-41). 

Having shown how the sealing ring may be formed for one 
embodiment, Figures 6a-6c show that the two wafers may be 
pressed together and the wafers 13 14 and sealinp rincr 18 fnrm 

i O vaav it uivi J.^/, A • CU1U ol/tlill IcL 1111b' lO lUl 111 

a chamber 16. 




with the pump-out port 
of the first wafer in fluid 
communication with the 
chamber; and 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11." (Column 2 lines 30-31). 
Fluid communication of the pump-out port of the first wafer 
with the chamber is also shown in Figure 6b. 




a plug for plugging the 
pump out port. 


"Then in an environment of a vacuum, a deposition of metal 

12 is applied to the wafer 13 surface having ports 1 1 and thereby 

close Dorts 11 and seal chambers 16 Hn<;pH with a vannim in tv»o 
it wiiu viiciiiiu/^i o i vi oiuovu wiui ci v Li til 1 1 in me 

chambers." (Column 2 lines 31-34). 

"Twenty microns of InPb (50:50) 12 is deposited onto the 
backside of detector wafer 13 to plug port 11 in FIG 6c, to seal 
vacuum chamber 16 of wafer pair 13 and 14." (Column 4 lines 
9-12). 
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A bonded wafer pair 
according to claim 50 
further comprising a 
recess in the first side of 
the first wafer and/or the 
first side of the second 
wafer, wherein the 
recess is in registration 
with the chamber. 


"Cavity 16 is effected by a recess of about 125 microns into 
wafer 14 having a border 18." (Column 2 lines 21-22). 

"Wafer 14 has a solder adhesion metal and solder ring 15 
which matches detector wafer 13 a border 1R fnrmina rVinmh^r 
16 above detectors 17, and holes 35 through wafer 14 to access 
the wire bond pads on detector wafer 13." (Column 3 lines 19- 
23). 
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A bonded wafer pan- 
according to claim 50 
further comprising one 
or more devices in or on 
the first side of the first 
wafer and/or the first 
side of the second wafer. 


"The procedure here has been implemented and resulted in 
vacuum levels below 10 millitorr of residual pressure as 
measured by pressure sensors within the cavity." (Column 1 
lines 41-44). 

"Each cavity, chamber or volume may contain detectors 
such as thermoelectric detectors, devices, bolometers, or may 
contain emitters." (Column 1 lines 56-58). 

"Cavity 16 is the chamber that contains an array 17 of 
detectors on the surface of wafer 13 and detects radiation which 
may come through an anti-reflective coated silicon window of 
top cap 14." (Column 2 lines 17-20). 

"Wafer 20 may be cut into individual chips 10, each having 
its own sealed chamber 16 enclosing detectors 17." (Column 4 
lines 15-17). 
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"Top cap wafer 14 may have integrated components built in 
or on the surface in addition to those on the detector wafer 13. 
ucicisioi waier u naving a aiapnragm pressure sensor integrated 
into it, the sealed chamber then forms a vacuum pressure 
reference. Detector wafer 13 may have infrared bolometer arrays 
with readout electronics integrated into the wafer. Detector 
wafer 13 may have moving parts to be sealed in a chamber for 
other functional purposes." (Column 4 lines 22-30) 


53 


A bonded wafer pair 
according to claim 52 
wherein the one or more 
devices are in 
registration with the 
chamber. 


"The procedure here has been implemented and resulted in 
vacuum levels below 10 millitorr of residual pressure as 
measured by pressure sensors within the cavity." (Column 1 
lines 41-44). 

"Each cavity, chamber or volume may contain detectors 
such as thermoelectric detectors, devices, bolometers, or may 
contain emitters." (Column 1 lines 56-58). 

"Cavity 16 is the chamber that contains an array 17 of 
detectors on the surface of wafer 13 and detects radiation which 
may come through an anti-reflective coated silicon window of 
top cap 14." (Column 2 lines 17-20). 

"Wafer 20 may be cut into individual chips 10, each having 
its own sealed chamber 16 enclosing detectors 17." (Column 4 
lines 15-17). 

'Top cap wafer 14 may have integrated components built in 
or on the surface in addition to those on the detector wafer 13. 
i/cicL,iui waier u naving a aiapnragm pressure sensor integrated 
into it, the sealed chamber then forms a vacuum pressure 
reference. Detector wafer 13 may have infrared bolometer arrays 
with readout electronics integrated into the wafer. Detector 
wafer 13 may have moving parts to be sealed in a chamber for 
other functional purposes." (Column 4 lines 22-30). 
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A bonded wafer pair 
laving a sealed 
chamber, comprising: a 
irst wafer; a second 
wafer bonded to the first 
wafer; 


"Wafers 13 and 14 are bonded together at solder seal ring 
15." (Column 2 lines 15-16). 

"To begin, the Au solder ring surface 33 of detector wafer 
13 is sputter cleaned. The InPb surface of ring 18 of top cap 
wafer 14 is oxygen plasma cleaned. Wafers 13 and 14 of FIG. 6a 
are aligned in a bonding cassette using 0.002 inch spacers 
between the wafers. The aligned wafer pair is put in a vacuum 
press which is pumped to a good vacuum with a turbo pump. 
Wafers 13 and 14 are pressed together in FIG. 6b, with about 
hvv pounas 01 pressure, ine temperature 01 the wafers is ramped 
up to 300 degrees C, which takes about one hour. Then wafers 
13 and 14 are held at this achieved temperature and pressure for 
five minutes. Then wafers 13 and 14 are cooled down to room 
temperature, and the vacuum chamber is vented." (Column 3 
lines 56-67). 




one or more pump-out 


"Plasma etched vias 32 in FIG 4i for the final etch are 
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ports through the first 
wafer; 


patterned and cut with the use of a fifth mask." (Column 2 line 
68 to column 3 line 1). 

ridbma eicnea pump-out port vias 1 1 are patterned and cui: 
on layers 23b and 23 a of the back of wafer 13 in FIG 4k. There 
is a KOH etch of the backside of wafer 13 through 90 percent of 
wafer 13 for port 11 in FIG 41. Port 11 is completed with an 

etch through via *¥) tn thf* front of ai/qIw i i nU mtr „ • T?ir^ 
A © via w iiuin oi waier ij as snown in rlCj 

4m." (Column 3 lines 6-1 1). 




a recess in a first side of 
the first wafer and/or a 
first side of the second 
wafer; 


A recess is shown cut into wafer 14 in Figures 5c-5f. 




the first wafer and the 
second wafer forming a 
chamber that includes 
the recess, 


"Cavity 16 is effected by a recess of about 125 microns into 
wafer 14 having a border 18." (Column 2 lines 21-22). 

waici ih tidi a soiaer aanesion metal and solder nng 15 
which matches detector wafer 13, a border 18 forming chamber 
16 above detectors 17, and holes 35 through wafer 14 to access 
the wire bond pads on detector wafer 13." (Column 3 lines 19- 
23) 

A chamber including the recess 16 is shown in Figures 6a-c 




with the pump-out port 
of the first wafer in fluid 
communication with the 
chamber; and 


"Cavities 16 can be baked out and outgassed since each 
chamber 16 has an open port 11." (Column 2 lines 30-31). 
Fluid communication of the pump-out port of the first wafer 
with the chamber is also shown in Figure 6b 




one or more plugs for 
plugging the one or 
more pump out ports to 
seal the chamber. 


"Then in an environment of a vacuum, a deposition of metal 
12 is applied to the wafer 13 surface having ports 1 1 and thereby 
WUiC H ul ,s 11 *"i u 5>cdi cnamoers i o closed with a vacuum in the 
chambers." (Column 2 lines 31-34). 

"Twenty microns of InPb (50:50) 12 is deposited onto the 
backside of detector wafer 13 to plug port 11 in FIG 6c, to seal 
vacuum chamber 16 of wafer pair 13 and 14." (Column 4 lines 
9-12) 
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A bonded wafer pair, 
comprising: a first wafer 
having a first side, with 
one or more bond pads 
on the first side; 


As shown in Figure 4j and also discussed in the 
specification: "Five hundred angstroms of Cr, 2000 angstroms 
of Ni and 5000 angstroms of Au are deposited, patterned and 
lifted off for pad and solder frame metal 33 in FIG. 4j." 
(Column 3 lines 1-4). 




a second wafer, with one 
or more bond-pad holes 
through the second 
wafer; 


"Pattern and cut via 35 by plasma etching on outside layers 
36a and 36b and recess 16 on inside layer 37b of Si.sub.3 
N.sub.4 in FIG. 5b. The wafer 14 is then put in a fixture to allow 
etching of the outside surface 35 and 36b while protecting the 
inside 16 and 37b to KOH etch wafer 14 through hole 35 to 90 
percent of the way through top cap wafer 14, as shown in FIG. 
5c. Wafer 14 is removed from the etching fixture and hole 16 is 
cleared of remaining Si02 layer 37a in FIG. 5d by buffered 
oxide etch. Hole 35 is further etched through wafer 14 to layer 
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37a to complete bond pad hole 35." (Column 3 lines 29-39) 




the first side of the first 
wafer bonded to a first 
side of the second wafer 
with a sealing ring 
therebetween, 


"Wafers 13 and 14 are bonded together at solder seal ring 
15" (Column 2 lines 15-16). 

"To begin, the Au solder ring surface 33 of detector wafer 
13 is sputter cleaned. The InPb surface of ring 18 of top cap 
wafer 14 is oxygen plasma cleaned. Wafers 13 and 14 of FIG. 6a 
are aligned in a bonding cassette using 0.002 inch spacers 
between the wafers. The aligned wafer pair is put in a vacuum 
press which is pumped to a good vacuum with a turbo pump. 
Wafers 13 and 14 are pressed together in FIG. 6b, with about 
-r\j\j pwuaiLio ui picaauic. iiic lemperdiure oi me waiers is ramped 
up to 300 degrees C, which takes about one hour. Then wafers 
13 and 14 are held at this achieved temperature and pressure for 
five minutes. Then wafers 13 and 14 are cooled down to room 
temperature, and the vacuum chamber is vented." (Column 3 
lines 56-67). 




the first wafer and 
second wafer being 
aligned so that the bond- 
pad holes are in 
registration with the one 
or more bond pads oil 
the first wafer; and 


Figures 6a-6c show that the bond pad hole 35 is aligned 

With nOTin rifln S ^ T^nrHfiilarlAf T7i miro /Co rm-mUofn 

wim uuiiu yau jj. r diiiL/Uidriy, rigure oa numoers more 
portions of the bond pads 33, and the bond pads 33 are clearly in 
registration with the bond pad hole 35, though the reference 
numerals on some of the bond pads 33 are not included in each 
of the Figures. 




the first wafer, the 
second wafer and the 
sealing ring forming a 
chamber. 


"Wafer 14 has a solder adhesion metal and solder ring 15 
which matches detector wafer 13, a border 18 forming chamber 
16 above detectors 17, and holes 35 through wafer 14 to access 
the wire bond pads on detector wafer 13." (Column 3 lines 19- 
23). 

"A solder ring pattern is applied to the inside surface 
encircling recess 16, by using a laminated Riston process for lift- 
off. Five hundred angstroms of Ti, 2000 angstroms of Ni and 
500 angstroms of Au of adhesion metals 39 are deposited in an 
E-beam evaporator. A five micron layer 40 of InPb (10:90) 
solder is deposited onto adhesion metals 39 in the thermal 
evaporator. The Riston mask is lifted off and the field SiO.sub.2 
in BOE etched off resulting in solder ring 18 in FIG. 5f." 
(Column 3 lines 41-50). 

"Pattern and cut via 35 by plasma etching on outside layers 
36a and 36b and recess 16 on inside layer 37b of Si 3 N 4 in FIG. 
5b." (Column 3 lines 29-31). 

"Wafer 14 is removed from the etching fixture and hole 16 
is cleared of remaining Si0 2 layer 37a in FIG. 5d by buffered 
oxide etch." (Column 3 lines 35-37). 

''Nitride and oxide mask layers 36a, 36b, 37a, and 37b are 
stripped from wafer 14." (Column 3 lines 39-41). 

Having shown how the sealing ring may be formed for one 



22 



Q 
Q 
O 

M 
m 
m 
m 

M 
I'll 
0 

p 
M 



embodiment, Figures 6a-6c show that the two wafers may be 
aTha^b« 8 16 her ^ ^ W3ferS 13 ' H md Sealkg ring 18 f0Tm 
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